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INTRODUCTION

A 34-m-diameter antenna, built fot NASA/JPL. in 1990 at Goldstone, California, utilizes a
beam-waveguide (BWG) design (} ‘ig. 1). The BWG antennaperformances atthree differem
focal points were reported in [ 1]. The ellipsoid in the subterranean room has since been made
rotatable so thatnumerous feed systems can be installed in a circular perimeter around the
ellipsoid and operated from their own individual {3 positions.

Onc of therecently installed front-end systems ata new {3 position isthe S/X system, which
permits simultaneous operation of S-and X-band downlink. Measurements of the X-band
system (Fig. 2) showed that the dichroic plate noise temperature contribution was | 8 K
compared to a predicted valuc of 1.5 K,

It was discovered that if a dichroic plate is installed in a BWG antenna environment, high
noise temperatures can result if thereceive system passband is greater than the passband for
which the plate was designed. A method is presented for accurately calculating dichroic plate
noise temperature for these conditions.

ANALYTICAL, METHOD

Figure 3 shows the geometry for aleep Space Network (1DSN) dichroic plate illuminated by
a plane wave. The S/X-band dichroic plate (shown in Fig. 2) is purposely tilted an angle
0, =30 deg so that the central ray from X-band system will be incid ent on the plate at 30-deg
incidence angle. At this incidence angle, this DSN-type plate is designed to have minimum
insertion losses between 8.4 and 8.5 Gllz [2].

in practice, the dichroic plate is not illuminated by a plane wave, but by rays that originate
from a feed horn and illumin ate the dichroic plate at various theta and phi angles, Noise
temperature of the dichroic plate is calculated from
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where 0,4, are spherical coordinate angles of the horn system. The parameter p(0,,9,) is
the normalized horn pattern obtainable through the usc of horn computer programs.
Brightness temperature data is obtained from

T,0.0) = (1-15,19'1,, (2)

where (0,¢) are spherical coordinate angles of the dichroic plate system (Fig. 3), S, is the
plate transmission cocfficient{2], and T is the noise temperature of the absorbing environ-
ment. For circular polarization, |32]|5 for perpendicular and parallel polarizations are
averaged. For a dichroic plate installed in a BWG antenna subterranean room, it is assumed
that TP is300 K. Ifinstead the dichroic plate is mounted at the Cassegrain focal point locat ion,
then T, is approximately equal toTg,. Note that brightness temperatures calculated




from Eq. (2) will include contributions from losses due to (1) reflection, (2) plate resistivity
(if taken into account by the computer program), and (3) grating lobes (if they exist).

Accurate knowledge of the horn-plate geometry and use of coordinate transformation
equations lead to derivation of expressions and contour plots (Fig. 4) that relate horn pattern
angles (0,4, to dichroic plate angles (0,¢). Use of these relationships allow Ty (0,.0,)
values to be determined from brightness temperatures caleulated from Eq. (2). Substitutions
of horn pattern and brightness temperature data into Fig.(1) lead to a calculated value o:.%
at a particular frequency.

The above process is repeated at other frequencies in the receive system passband and used
in the following equation to calculate the effective dichroic plate noise temperature.
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where g(f) = 108 where Ggp(f) is receive system relative gain response in dB at
frequency T, and f1 and 2 represent the cutoff frequencies.
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Further investigations of the cause of the 16.5-K discrepancy between measured and
expected values led to the discovery that the actual passband of the receive system was 8.17
10 8.65 GHz in comparison to the dichroic plate passband, which was designed to be 8.4 to
8.5 GHz.

Preliminary calculations yiclded a value of 14.8 K when using only (1) insertion loss data at
30-deg incidence angle, and the (2) measured receive system passband data (Fig. 5). 1f the
hole and plate resistive losses contribute an additional 1.0 K, the preliminary calculated value
for dichroic plate noise temperature is 15.8 K (as compared to a measured value of 18K) .

Brightness temperature and horn pattern data are currently being obtained for all theta and
phi values for the horn-plate gecometry shown in Fig. 4. Itis expected that when these data
arc used in the equations presented in this article, better agreement will be obtained between
calculated and measured values.
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Figure 2. X-band feed-horn and dichroic plate of the S/X-band system at 3.
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Figure 4. Horn pattern contour on the dichroic plate for 6, = 30 deg.
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Figure 5. Mecasured passband of the X-band receive System.




